ABSTRACT: Live animal and carcass data were collected from market barrows and gilts (n = 120) slaughtered at a regional commercial slaughter facility to develop and test prediction equations to estimate carcass composition from live animal and carcass ultrasonic measurements. Data from 60 animals were used to develop these equations. Best results were obtained in predicting weight and percentage of boneless cuts (ham, loin, and shoulder) and less accuracy was obtained for predicting weight and ratio of trimmed, bone-in cuts. Independent variables analyzed for the live models were live weight, sex, ultrasonic fat at fxst rib, last rib, and last lumbar vertebra, and muscle depth at last rib. Independent variables for the carcass models included hot carcass weight, sex of carcass, and carcass ultrasonic measurements for fat at the first rib, last rib, last lumbar vertebra, and muscle depth at last rib. Equations were tested against an independent set of experimental animals (n = 60). Equations for predicting weight of lean cuts, boneless lean cuts, fat-standardized lean, and percentage of fat-standardized lean were most accurate from both live animal and carcass measurements with R2 values between .75 and .88.
Introduction
An accurate method for estimating body composition in market and breeding swine is essential for determining energetic efficiency, carcass Value, and the relationship of composition to reproductive success. During the past few years, a definite trend has been reflected in consumer desires for leaner meat (Breidenstein and Carpenter, 1983 ; American Meat Institute, 1986; Burke Marketing Research, 1987) . However, only recently has any pricing incentive been offered by some packers to the producer to encourage the production of a lean product (Grisdale et al., 1984) . Real- lThe authors wish to acknowledge the assistance of Reelfoot Packing Company, Union City, TN, for providing animals end facilities used in this study.
time ultrasound offers the potential of an accurate, noninvasive means of estimating body composition that might be used in a "value-based marketing system Forrest et al., 1986;  Lopes et al., 1987;  Orcutt et al., 1990) . Another factor to be considered is the trend toward centralized slaughtering facilities located near centers of production (Logan et al., 1988) . It would be desirable if producers located in production areas far from the large central packers had at their disposal a system of evaluation that was fast, accurate, and reflected true compositional differences. Then, livestock delivered to facilities such as a central buying station could be evaluated before being exposed to the stress effects of fasting and transportation to a slaughter facility (Becker et al., 1989) . The objectives of this study were to evaluate the potential of real-time ultrasound as a tool in determining carcass value from objective live animal and(or1 carcass measurements and to develop prediction equations that could be used to determine compositional differences in slaughter hogs.
Experimental Procedures
Two sets of data were collected from two groups of 60 slaughter barrows and gilts representing a wide range of body types and composition differences typical of the normal daily kill in several commercial slaughter operations. Animals used were selected by plant personnel to best reflect a random assortment of the day's kill group. Data from one group of 00 animals were used to develop the prediction equations and are designated as Trial 1. A n additional 60 animals were used to test the equations developed and are designated as Trial 2. Live animal and carcass data collected for both groups were identical.
Live Animal Measurements. Experimental animals were randomly identified for evaluation by plant personnel and separated approximately 2 to 6 h before processing. To reduce stress and excessive movement and to duplicate the normal standing posture as nearly as possible, animals were restrained in crate scales while measurements were obtained. Linear live animal and ultrasonic measurements included live weight (LWT), sex (SEX), ultrasonic fat determination at sites to approximate the first rib (FR), last rib (LR), last lumbar vertebra (LLV), and muscle depth at the last rib (MDI. Ultrasonic fat and muscle depth measurements were obtained using a longitudinal scan approximately 5.08 cm lateral to the animal's midline. Ultrasonic measurements were made with a General Electric Dataline portable real-time ultrasound scanner equipped with a 15-cm, 3.5 MHz B-mode transducer and electronic calipers capable of measuring in 1-mm increments. This is a linear array unit with a 8.25-cm x 13.25-cm window and the image was .90 of actual scale, All scans were longitudinal and parallel to the midline of the animal, which permitted the animal and carcass surface to coincide with the window surface, thus eliminating the need for a stand-off pad. Comparative dissection and scanning of selected loins (our unpublished observations) ascertained the interface of the bottom layer of fat and dorsal surface of respective muscle to determine actual fat depth and muscle depth by ultrasonic imaging. Muscle depth at the last rib by longitudinal scan was selected as the objective muscling criterion rather than the traditional transverse scan for longissimus muscle area because of limited potential of a measurement that would take considerable imaging and measuring capability and would not be feasible in this 400 animals per hour slaughter operation or other commercial applications. Muscle depth was determined using the built-in electronic calipers in the ultrasound unit to measure the distance between the ventral surface of the subcutaneous fat layer and the dorsal surface of the last rib. Animals were slaughtered after live animal data were collected.
Carcass Measurements. Carcass data were collected immediately after slaughter. Because several measurements were needed from the carcass, it was necessary to move the carcasses to a side rail in the plant after weighing on the track scale.
All measurements were completed within 1 h after weighing the hot carcass. Carcass measurements included hot carcass weight (HCW and ultrasonic fat determination at the first rib (CFR), last rib (CLR), and last lumbar vertebra (CLLV). Carcass fat measurements (including skin) were determined at the first rib (FATl), last rib (FATW, and last lumbar vertebra (FATLLV) by use of a stainless steel swine backfat probe. Ultrasonic muscle depth (CMD) was measured at the last rib. A visual muscle score (VMUS) was subjectively assigned to each carcass (USDA, 19841, and ham circumference (HAMCI was measured for use as an objective criterion of muscling. Ham circumference was measured using a flexible metal tape perpendicular to the back of the carcass and at a point representing the greatest circumference of the ham on the suspended carcass.
After a 24-h chill at 2"C, the right side of each carcass was fabricated into trimmed ham, loin, shoulder, and belly. All fabrication was completed by regular plant personnel on the cutting line operating at a rate of 400 carcasses per hour. This procedure was selected to best represent results that might be expected in similar commercial facilities. Although all cutting and trimming opera tions were accomplished by plant personnel, project research personnel were present to ascertain adherence to established protocols, to aid in identifying selected cuts, and to weigh each cut. The trimmed ham, loin, and whole shoulder were further processed into boneless cuts similar to those found in the boxed-pork industry (Wiley et al., 1989) . No effort was made to standardize trimming or boning of cuts other than to the standard considered acceptable by plant management for this particular commercial operation. Weights of the commercially trimmed ham, loin, and shoulder were summed and designated as lean cuts (LNCUT). Weight of LNCUT plus belly was identified as total cuts (TOCUTI. Boneless ham, loin, and shoulder cuts were totaled to equal boneless lean cuts (BNCUTI. The trimmed ham plus loin weight (HMLN) also was used. Each weight variable was expressed also as a percentage of the live weight ILNCUTPR, TOCUTPR, BNCUTPR, HMLNPRI to correspond with other live animal measurements.
Statistical Analysis. Means, SD, ranges, and correlations were determined and step-wise regression analyses were performed (SAS, 1985) . Statistics generated in the stepwise regression analysis included R2, Cp, and residual SD (Mallows, 1973; MacNeil, 1983) . After completion of regression analyses and generation of prediction equations from the first data set (n = 601, data from the second set (n = 601 were used to test the prediction equations as suggested by MacNeil (1983).
Results and Discussion
The mean, SD, and minimum and maximum value for each variable is listed in Table 1 for both Trials 1 and 2. The two data sets, one used to develop and one to test the prediction equations, are quite similar. Average LWT of the two groups closely approximates the weight of animals used in several other studies of a similar nature (Grisdale et al., 1984;  Siemens et al., 1989 ; Terry et al., 1989) . However, the SD of live weight in the present study is slightly larger than some reported previously. This might be attributed to the source of experimental animals and use of wide ranges in body type, muscling characteristics, and fat thickness. Comparison of ultrasonic fat means on the live animal with those from the carcass indicates that carcass ultrasonic measurements were con sistently greater than live animal ultrasonic measurements by 12 to l6Y0. Similar comparisons of ultrasonic live animal with ultrasonic carcass means were reported by Mersmann (1982) in swine and by Gresham et al. (1986) Siemens et al. (1989) . Therefore, it seems that the cutting procedures used in this commercial operation were similar to those used in other laboratory-type studies, and the data should be comparable. Table 2 lists simple linear correlations of selected independent and dependent variables used in development of prediction equations. Live weight was generally positively correlated with all variables. However, the only significant correlation for LWT and HCW and live animal or carcass fat measurements were those with FR (r = .32; P e .Oil, FAT1 (r = .41; P e .011, and FATLLV Ir = .32; P < .01). Other studies (Grisdale, 1984;  Siemens et al., 1989; McLaren et al., 1990) yielded higher positive correlations between live and carcass weight and backfat measures. Correlations between LWT and HCW and weights of the various cuts (LNCUT, TOCUT, BNCUT, and HMLN) were all in the .78 to .91 range and are similar to the findings of Terry et al. (1989) . Ultrasonic fat measurements at the fvst rib, last rib, and last lumbar vertebra on the live animal and on the carcass as well as measured fat depths were all highly correlated. Live animal ultrasonic muscle depth tended to be more highly correlated with muscling and compositional differences than did carcass ultrasonic muscle depth, especially HAMC (r = .52 vs .28), LNCUT (r = .49 vs .261, TOCUT (r = .37 vs .09) fat-standardized lean (LNPK; r = 31 vs .Oll, and HMLN (r = .47 vs .19). Also, weights of LNCUT, TOCUT, BNCUT, and LNPK were all highly correlated, as expected. As a rule, when dependent variables were expressed as ratios or percentages, there was a tendency for correlations with live animal and carcass measurements to decrease and to be influenced to a greater extent by fat (Dinkel et al., 1965) . Sex (when expressed as barrow = 0 and gilt = 1) was negatively correlated with fat estimates and positively correlated to BNCUTPR. This agrees with findings of Grisdale et al. (1984) and Siemens et al., (1989) that gilts are leaner than barrows, especially at heavier weights. MacNeil, 1983) . Although the residual SD for equations predicting ratios or percentages were comparable to those for weights, the higher R2 values for equations predicting weight indicated that they were more precise in estimating compositional variation and agree with other studies (Dinkel et Faulkner et al., 1990) also have shown that live weight is significant in predicting weight of lean but usually negatively correlated in predicting percentage of lean or trimmed cuts. Jungst et al. (1989) reported similar results with cull sows. The R2-values in this study (.75 to .88) are only slightly smaller than the values reported in the above studies, and, when consideration is given the fact that fabrication was accomplished by industry personnel at line speed rather than in a closely monitored environment, these figures seem most appropriate. The equation for predicting the percentage of fat-standardized lean (LNPKPR) seems to be quite accurate also (R2 = .93; Cp = 3.6; RSD = 1.24) and is the only ratio equation that includes live weight as an independent variable. This would be expected because HCW is used in the prediction equation (NPPC, 19831 .
A test of accuracy of those equations developed in Trial 1 to predict carcass composition from live animal measurements is presented in Table 4 using animals from Trial 2. Equations exhibiting the best fit would be those with an intercept of 0 and a slope of 1. It seems that the equation for predicting LNPKPR was most accurate because the intercept and slope were nearer 0 and 1, respectively (R2 = .89; RSD = 1.40). The next best predictions were equations for predicting BNCUT and LNPK. Equations with the greatest bias were those for predicting LNCUTPR, TOCUTPR, and HMLNPR. Table 5 presents the results of the stepwise regression analyses of the same dependent variables as in Table 3 but using carcass ultrasound measurements as independent variables. One noticeable difference is that all equations now have HCW as an independent variable. However, those equations that predict weight were again the most accurate, with the exception of LNPKPR. The best equation seemed to be the one predicting BNCUT (R2 = .92; Cp = 4.4; RSD = 1.35). The lowest precision again seemed to be that of equations for predicting HMLN and TOCUT.
Percentage or ratio equations were less accurate, as indicated by the lower Rzvalues and generally larger residual SD values. Table 6 is from data collected in Trial 2 and used to test the equations developed in Trial 1. Results obtained with carcass equations were similar to those previously discussed with respect to the live animal measurement equations. Equations with the greatest precision were those for predicting BNCUT and LNPK. Table 7 presents in more detail the stepwise regression analyses for predicting carcass composition from live and carcass ultrasonic measurements. Live weight predicts approximately 51% of the variation in weight of LNPK and 74% of the variation in LNPKPR. Approximately 71% of the variation in weight of BNCUT can be attributed to LWT. Sex accounts for 12 to 14% of the variation in each dependent variable predicted. A single ultrasonic measurement of fat at the last rib adds 4 to 11%. Ultrasonic determination of muscle depth and additional fat estimates add only 1 to 2% to the accuracy of the determinations.
Results with the equations generated from carcass measurements ( In s u m m a r y , data from this study support previous findings that ultrasonography can have a place in a value-based marketing system. It offers the potential to estimate composition of both the live animal and the carcass. However, it seems from these results obtained under practical, commercial conditions that any value system should be based on boneless cuts or a fat-standardized lean content of the carcass. Reducing the lean cuts to a boneless basis apparently reduces error associated with lack of uniformity of trim in a high-speed fabrication system. Jungst et al. (1989) reported similar R2-values in evaluating composition of cull sows in a hot-boning operation. Our experience with the commercial environment in this study shows that we were able to determine carcass weight and ultrasonic fat and muscle depth measurements on the slaughter line operating at a chain speed of 400 carcasses per hour. However, because of the limited increase in accuracy by addition of muscle depth to prediction equations and the time required for imaging muscle depth on the slaughter line, it would seem that further ultrasound work should concentrate aLWT = live weight, HCW = hot carcass weight, LLR = live ultrasonic fat aast rib), CLR = carcass ultrasonic fat [last rib), LLV = live ultrasonic fat aumbar), CLLV carcass ultrasonic fat aumbar), MD = live ultrasonic muscle depth, CMD = carcass ultrasonic muscle depth, BNCUT= boneless lean cuts, W K = lean pork, and LNPKPR = percentage of lean pork.
on increased precision in measuring live animal or carcass fat. This study indicates that a differentiation should be made between gilt and barrow carcasses to best evaluate true compositional differences in market animals.
Implications
Data from the present study indicate that compositional differences do exist between barrow and gilt carcasses sufficient that value-based marketing systems should consider a sex differential in their pricing structure. In addition, it seems that ultrasonography may be used to separate either live animals or carcasses with a single fat measurement along with live or carcass weight. When ultrasonography is used in a commercial environment, it seems that the most accurate measurement of value or compositional differences may be to use either a fat-standardized lean content or weight of boneless, closely trimmed cuts as the pricing criterion.
